Objectives: The need for pelvic floor surgery will increase with an aging population in the future. Aim of this prospective study was to evaluate the evolution of cognitive function in elderly women after urogynaecological surgery.
BACKGROUND
The worldwide population is aging. For 2050, it is expected that one third of the Swiss population will be over 65 years old, whereof 12% will be older than 80 years [1] . Urogynaecological problems, particularly prolapse and incontinence, are increasing with age. As a consequence, we expect an increase of urogynaecological interventions over the next decades. Based on Data from 2010 Kirby et al [2] calculated an increase in requirement of urogynaecological interventions of 35% for 2030.
There is a paucity of safety data analysing urogynaecological operations in the frail and elderly. Most randomized studies exclude this group of women because of suggested higher morbidity [3] . Whilst 16% of all women over 70 years are operated for stress urinary incontinence, 3.8% of elderly patients only are represented in studies as it has been shown by Morse [3] . Riemsma et al identified only four trials for his review, which reported cure rates in incontinence therapy in the elderly population. All of these studies where referring to drug therapy. No trial was found about cure rates in incontinence or prolapse surgery in elderly [4] . Data analysing abdominal interventions have shown that complication rates between 7-20% are higher in patients 70 years and older depending on their general state of health and their current activities of daily living (ADL) [5] . Frailty, impaired cognitive function and depression [6] are risk factors for higher morbidity. Concerning pelvic floor surgery a review showed a complication rate between 15.5 and 33% in this www. journals.viamedica.pl/ginekologia_polska older group of patients. These complications include urinary tract infections, fever as well as postoperative bleeding with the necessity of blood transfusion [7] .
Cognition is critical for functional independence as people age, including whether people are able to live independently, manage finances, take medications correctly, and drive safely. Cognitive abilities often decline with age [8] .
Postoperative disorientation has been shown between 4.6% [9] of cases in a urogynecological group of patients and 7.4% respectively in a number of patients undergoing major gynaecological interventions. However, there is a lack of data in urogynaecological patients [10] .
OBJECTIVES
Aim of this prospective study was to evaluate the evolution of cognitive function among older women after urogynaecological surgical interventions for incontinence and prolapse.
METHODS
Ethical committee gave the permission for this prospective cohort study (KEK-BE 030/10) and patients gave written and oral consent to participate. Between 2010 and 2014 all female patients 70 years and older at admission being admitted for urogynaecological interventions in the gynaecological department of University Hospital of Bern who did not already participate in a parallel ongoing study were asked to participate in this study.
Patients were evaluated one day before surgery and six weeks after. Type and time of surgery, type of anaesthesia, blood loss and intraoperative complications were noted as well as hospital stay, short term complications and occurrence of delirium or confusion. All operations were performed by two experienced urogynaecologists (SB, AK) in a tertiary referral setting.
Cognitive function was measured using the Mini-Cog test and the clock-drawing test performed on the day before and in the postop visit 6 weeks after surgery. The test before surgery was done by the resident doctor at the preoperative visit. Postoperative testing was done by the two surgeons. For the Mini-Cog, the tested person is asked to repeat three words, draw a clock with all numbers and hands, and then to repeat the three words. For the clock drawing test, the person is then asked to write down the time of the clock as if it were in a schedule for trains or in a TV (Television) guide. Scoring of the Mini Cog test was done based on the algorithm described by Borson et al. [11] , based on a combined assessment of the clock and recall of the three words. The clock drawing test was analysed separately using two different scoring methods. We calculated the score as described by Wang et al. [12] which is based on seven criteria, and has been shown to be sensitive to change over time.
A cut-off point of < 3 on the Mini-Cog test has been validated for dementia screening.
Activities of daily living (ADL) were measured using a combined measure of basic and instrumental activities of daily living, based on the methods described by Katz [13] and Fillenbaum [14] . It ranges from 10 to 40, with higher scores denoting higher levels of dependency. For the purpose of a dichotomous analysis, impairment in ADL was defined as one or more self-reported limitation in activities of daily living.
Risk for depression was measured using the five-item Geriatric Depression score [15] . It ranges from 0 to 5, with higher values denoting a higher risk for depression. A score of ≥ 2 has been shown to be a valid cut-off for identifying people at increased risk for depression.
Postoperative diagnosis of delirium was made clinically. Patients filled in the validated pelvic floor questionnaire (German pelvic floor questionnaire [16] ) and a visual analogue scale (VAS) from 10 -no satisfaction at all to 0 -the highest possible satisfaction before and six weeks after surgery to determine quality of life (QOL). The exact wording was "How bothersome is your urogynaecological condition currently?" The Global pelvic floor function score was calculated according to the method described by Baessler and Kemkensteffen [16] . The global score ranges from 0 to 40, with higher scores denoting higher levels of impairment. It is composed of four function sub scores (bladder, intestinal, prolapse, and sexual), each sub score ranging from 0 to 10.
In addition, as objective outcome measures Pelvic Organ Prolapse Quantification (POP-Q) in prolapse patients and cough and PAD Test in the incontinence group were performed before and six weeks after surgery.
Statistical analysis
Primary outcome was the score of the mini-Cog test 6 week after surgery, secondary outcomes were quality of life as determined by the German pelvic floor questionnaire and VAS, POP-Q values as measurement of prolapse and PAD test as objective measurement of incontinence.
We described the study population by mean values, standard deviation (SD), frequency (n) and percentage (%). We defined change as the score difference between follow-up and baseline. We tested whether the change of a score was equal to zero (null hypothesis of no change) using a t-test [17] . As sensitivity analysis we used the Wilcoxon test [18] . We assessed the odds of being depressed, limited in ADL, and demented at follow-up using logistic regression models, reporting Odds Ratios (OR) and 95% confidence intervals (CI).
Power calculation was performed using Graph Pad version 2.0 for Windows (San Diego, USA). Assuming that the true difference between means before and after surgery of 3.24 in the MiniCOg test, the system calculated that www. journals.viamedica.pl/ginekologia_polska n = 50 patients are necessary to detect statistical significant difference with a power of 90%.
RESULTS
Between February 2010 and March 2014 a total of 62 women were eligible for recruitment. Five patients refused to give informed consent for participation in the study. Six women were lost to follow-up leaving 51 patients in total. Mean age was 77 years (range 70-91).
Fifteen incontinence operations (incontinence group) and 31 prolapse operations (prolapse group) were performed, three interventions due to mesh complications and two because of complications caused by suburethral slings (miscellaneous group). In detail, we performed eleven suburethral slings, one colposuspension, one vaginal fistula repair, two Botox injections for incontinence, 28 vaginal prolapse operations whereof six included vaginal hysterectomy and two included Mesh insertion and three laparoscopic sacrocolpopexies for prolapse, three vaginal Mesh excisions for erosions and two vaginal urethrolyses for chronic urinary retention.
Twenty nine interventions were performed under general anaesthesia, 19 under spinal anaesthesia and three under local anaesthetics using lidocaine 2% 10-20 mL.
Operating time was 52.5 minutes (range 20-330 minutes), hospital stay four days (1-21 days) and blood loss 100 mL (0-800 mL). Table 1 summarizes the results of cognition scores, daily living and depression. Cognitive function deteriorated significantly.
There were no statistically significant differences in the pre-and postoperative activity of daily living indices. Overall, two (3.9%) of the 51 patients with delirium and confusion had to be referred to a nursing home postoperatively. Table 2 shows the results of geriatric assessment using dichotomous definitions of the assessment scores.
Abnormal cognitive findings increased from preoperatively 15.7% to 39.2% six weeks after surgery (odds ratio 3.4, 95% CI 1.3 to 8.7, p < 0.001). In contrast the proportion of patients with possible impairment in activities of daily living or with possible depression did not change from baseline to follow-up.
Pelvic floor function as determined by the German Pelvic Floor Questionnaire is summarized in Table 3 .
Bladder and bowel function, prolapse and global pelvic floor function sub scores improved significantly postoperatively. Sexual function did not change, but this sub score was not sensitive to change because 43 (84.3% of the 51) women reported that they did not engage in sexual activity. Values are mean ± SD -standard deviation; CI -confidence interval values; cognition scores -lower scores denote higher risk; activities of daily living and depression scores -higher scores denote higher risk; difference defined as mean score difference between follow-up and baseline; p-value from t-test Values are mean ± SD -standard deviation; CI -confidence interval; lower scores denote better function; difference defined as mean score difference between follow-up and baseline; p-values from t-test Table 4 summarizes the sensitivity analyses with change estimates of the geriatric assessment and pelvic score function scores based on Wilcoxon test. Results did not change using these test procedures.
We also conducted specific analyses in subgroups of patients. In patients of the incontinence group (n = 15), Pad test improved significantly from a median of 34 grams (4-103 grams) preoperatively to 6 grams postoperatively (0-54 grams; p < 0.001, t-test). In the patients who underwent prolapse surgery (n = 28) POP-Score measuring the most distal point improved significantly from a median of + 3 cm (range +1 -+12 cm) to -1 cm (-3 to +1 cm; p < 0.001) postoperatively, and patient satisfaction (VAS score) improved significantly from an initial median of 9 (6-10) to a median of 2 (0-4, p < 0.001).
DISCUSSION
The current study shows a substantial deterioration of cognitive function six weeks postoperatively in older women after urogynaecological surgery. To our knowledge, this is one of very few studies analyzing the evolution of cognitive function in gynaecological surgery [19] . One study performed geriatric assessment before and six months after urogynaecological surgery, and did not find evidence for cognitive decline. However, this study included a high-functioning group of women with only 2/31 women exhibiting an abnormal cognitive score as measured by the Mini Cog test [20] . In a review, Menard [21] reports post-operative disorientation in 4.6% of women after urogynaecological surgery. However, clinically diagnosed cognitive dysfunction likely underestimates true cognitive dysfunction, as measured by a validated cognitive test.
Some recent studies in fact do confirm that the prevalence of cognitive impairment is relatively high in these persons. Trowbridge [22] describes that 40% of patients older than 80 years perceived themselves as suffering from memory loss; and Erekson [19] detected a rate of 21% patients screening positive for dementia in a group of 150 patients who suffering from pelvic floor disorders. Our study identified 16% of patients with possible dementia, which is similar to the data by Erekson and lower as described by Trowbridge but in the latter study, the patients were slightly older than in our study.
Several studies have shown postoperative cognitive dysfunction (POCD) in patients after other types of surgery [23] . Many of those studies were performed in cardiac and orthopedic units. In these operations, high blood loss and potentially oxygen deficit intraoperatively may play a role; in cardiac surgery, a general pre-existent vascular alteration may additionally affect cognitive function.
Several publications have shown a relation between intraoperative blood loss and reduction of cognitive function in elderly. Menard [21] published the necessity of blood transfusion in 12% of patients. In the current study, there was only one intervention with significant blood loss of 800 mL, so we do not consider this as an important aspect in the current study.
Another issue of potential cognitive impairment is the type of anaesthesia [23, 24] . In both studies, there was no correlation of decline in cognitive function with the type of anaesthesia. Type of anaesthesia and surgery seems to play a subsidiary role [23, 25, 26] particularly in the long term follow up [27] . As functional reserve of all organs is reduced with age, this applies also to the brain reserve. The current study is too small to perform sub-analyses of different types of anaesthetics.
Jankowski showed that preoperative reduced cognitive function and reduced verbal memory predicts postoperative delirium [28] .
One pathophysiological explanation of the worsening of cognitive function in this elderly group of patients is that any surgery, trauma, hospital stay or anaesthesia may cause inflammatory processes in the brain. Macrophages enter the hypocampus through a damaged blood brain barrier and cause death of microglia cells [29] . Several groups have indeed shown that due to stress or trauma a complex neuroinflammatory process is induced which leads in decline of cognitive function or delirium by of death of microglia cells in the hippocampus region [19, 29] . Elderly women and concomitant multipharmacy (especially anticholinergic drugs) seem to lead to a greater vulnerability to those effects.
We do not know whether those processes are reversible or not. It would have been interesting to evaluate the cognitive function half a year later. There are long term studies ongoing showing that the decline in cognitive function is reversible [30] .
Pelvic floor function including bladder and bowel function did improve in this elderly group of patients as described before in many studies with the exception of sexual function. Due to the small number of sexually active patients, we cannot draw any conclusion concerning the development of sexual function from the current study. The weakness of this study included heterogeneous urogynaecologic interventions and not a single entity; however, we feel that we still get a valuable result looking at these various interventions. Another weakness is that the study contains a small number of patients only with no control group. Recruiting patients was difficult, and roughly 10% of patients did decline to participate in this study. We can only speculate why patients denied participation because this has not been investigated; however, during the course of this study, we got the impression that there was an obvious fear of being diagnosed with cognitive impairment whilst participating. However, power calculation determined that the number of 50 patients would be enough to receive statistical valuable results. In the current study, follow-up was six weeks only, and we have no data on the long-term sequelae. The strength of this study was the use of validated tools, the prospective character of the study and the high mean age of 77 years.
We conclude that assessment of frailty and physiological reserves including cognitive function in the preoperative evaluation for urogynecological surgeries is important. Results should be involved in preoperative counselling and our decision making process. Further long-term data for the security and global function in daily life of those patients will be needed.
An interdisciplinary approach between urogynaecologist, geriatrician and anaesthetist to identify patients at risk for delirium and to avoid declining cognitive function would possibly be the ideal setting for the elderly including preoperative assessment by the geriatrician. Costs arising from a setting like that can be a critical issue.
CONCLUSION
Elderly women are at high risk for adverse cognitive outcome after urogynaecological surgery. These patients may benefit from an interdisciplinary approach between urogynaecologist, geriatrician and other involved disciplines in the pre-and postoperative period. Systematic geriatric assessment before and after surgery will inform clinicians about risk for adverse outcomes and need for focused early intervention.
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